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Optical Wavelength Sensor 
Field of the Invention 

This invention relates to an optical wavelength sensor which has particular 
but not exclusive application to use in an optical data transmission network 
5 for monitoring channel transmission frequencies. 

Background to the Invention 

In order to cope with the increasing demand for subscriber services on 
telecommunication networks, digital optical transmission networks are being 
10 introduced in which local access networks, which typically route electrical 
signals, are interconnected by a fibre optic network. In order to upgrade the 
capacity of the optical network, wavelength division multiplexing (WDM) 
techniques have been proposed, which permit the trans m ission capability of 
the fibre link to be upgraded to the multi-G bit/s range. 

15 

In a WDM system, a number of different wavelength channels are transmitted 
simultaneously in an optical fibre, each channel being defined typically by a 
laser source. 

20 In order for the transmission system to operate reliably, it is desirable to 

monitor the channel wavelengths. Present methods of measuring wavelength 
involve optical spectrum analysers, wave meters or gas absorption techniques. 
These known methods however can presently only be used in a laboratory 
and are expensive or impractical to implement in a telecommunications 

25 network. 

A known wavemeter is described in " Low cost wavemeter with a solid Fizeau 
interferometer and fiber optic input" B. Faust et al, Applied Optics., Vol 30 
No 36, 20 December 1991. The wavemeter comprises a resonant cavity in the 
jo form of a Fizeau wedge which exhibits resonance for different optical 

wavelengths at spaced locations therein. The wedge operates in reflection, in 



WO 95/20144 



PCT/GB95/00094 



-2- 

response to optical radiation from an optical fibre, to direct radiation of 
different wavelengths to an array of detectors for detecting said different 
wavelengths from said spaced cavity locations. However, with such 
wavemeters that operate in reflection, there is an inherent limitation on the 
j wavelength resolution that can be acheived and it would be difficult to use the 
known wavemeter to resolve WDM channels in an optical 
telecommunications system. 

A wavemeter that operates in transmission, using a Fabry-Perot etalon is 
described in "A simple real-time wavemeter for pulsed lasers" Ja-Yong Koo et 
al, Measurement Science And Technology, Vol 2, No 1, January 1991, pp 55- 
58. This device can resolve extremely fine wavelength variations and for 
example can discern 10Hz wavelength jitter in a pulsed laser output. The laser 
radiation impinges on a Fabry Perot etalon that has parallel semireflctive faces. 
A resulting fringe pattern in the form of circular rings, is imaged onto a 
detector array by a lens. The pattern of the rings shifts with very small 
changes in wavelength. However, for larger changes in wavelength, such as a 
few nm, that occurs between WDM channels, very substantial changes in the 
ring pattern would occur and would not be trackable in order to monitor the 
wavelength. 

Summary of the Invention 

According to the present invention there is provided a wavelength sensor with 
a cavity that comprises a Fabry Perot etalon having semireflective faces that 
25 produce multiple reflections therein, the cavity having a non-uniform 
thickness between the faces so as to produce said resonance at spaced 
locations for different wavelengths. 

The semireflective faces may be disposed in a non-parallel configuration to 
30 provide the non-uniform cavity thickness. 

The sensor may include input means to direct optical radiation into the cavity 
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on one side thereof through one of said faces in an axial direction, said 
detector array extending transversly of the axial direction on another side of 
the cavity to detect radiation emanating from the cavity through the other of 
the faces. 

The sensor according to the invention may conveniently be included in an 
optical telecommunications network for monitoring the wavelength of one or 
more transmission channel, for example in a WDM system. The sensor may 
be used to provide an alarm when the wavelength of a particular channel 
10 moves outside of predetermined limits. Also, the sensor may be used to 
control the wavelength produced by the optical source, for example in a 
feedback loop. 

Thus, the invention provides a simple and convenient sensor which may 
is readily be incorporated into an optical transmission network for detecting the 
wavelengths of WDM channels. 

Brief Description of the Drawings 

In order that the invention may be more fully understood, an embodiment 
20 thereof will now be described by way of example with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic block diagram of an optical wavelength sensor in 
accordance with the invention, embodied in an optical telecommunications 
network; and 

2* Figure 2 is a graph illustrating the outputs of the array of detectors shown in 
the direction X of Figure 1. 

Description of an Embodiment of the Invention 

Referring to Figure 1, the source 1 of optical radiation, shown schematically, 
jo may comprise a multi-wavelength source, which produces a plurality of 

transmission channels in an optical transmission network. The output of the 
source 1 is directed into an optical fibre 2 coupled to the network. The 
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source 1 may in practice comprise a plurality of laser sources each operating at 
a respective different wavelength, with individual modulators that produce an 
optical modulated bit stream transmitted through the optical fibre 2. The 
individual laser sources may typically be at a plurality of remote locations and 
it may be desirable to monitor the wavelength of the various transmission 
channels to ensure that the telecommunications network is operating 
according to its design specification. 



io The optical wavelength sensor shown in Figure 1 comprises a lens 3, a Fabry 
Perot etalon 4, a detector array 5 and an output processor 6. The Fabry Perot 
etalon 4 consists of a block of optically transmissive material having 
semireflective planar facets 7, 8. The construction of a Fabry Perot etalon is 
well known per se and etalons are typically used as filters. The body of the 

15 etalon operates as a resonant cavity and the semireflective surfaces produce 
multiple reflections within the body so as to create a resonance. Resonance 
occurs at a particular wavelength, dependent upon the refractive index of the 
body and spacing between the semireflective surfaces which can be 
approximately characterised as follows: 

2 o n\ r - 2^id (1) 

where X,. is the resonant wavelength 

/x is the refractive index of the cavity material at the resonant 
wavelength 

d is the thickness of the cavity between the semireflective facets 
25 n is a positive integer. 

In a conventional Fabry Perot etalon, the facets 7 and 8 are parallel to one 
another so that the etalon exhibits a resonance for a single wavelength peak. 
However, in accordance with the invention, the etalon shown in Figure 1 is 
jo slightly wedge shaped, so that the facets 7, 8 are slightly out of parallel. Thus, 
the thickness of the etalon varies between a minimum value d min and a 
maximum value of d rn ^. As a result, a resonant cavity is provided which 
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exhibits a resonance for different optical wavelengths at spaced locations in 
the direction X across the width of the etalon, normal to the direction of the 
incident optical beam. 

The lens 3 acts as a beam spreader so as to spread the beam from the optical 
fibre 2 across the width of the etalon. 

The etalon may be made of silica or other suitable materials according to 
techniques well known per se. The wedge angle and the thicknesses d min and 
d max *** sdeaed according to the range of wavelengths to be detected and can 
be determined by routine methods as will readily be apparent to those skilled 
in the art. The device may typically be configured to discriminate between 
WDM channels within the usual optical telecommunication wavelength 
bandwidths centered on 1300 or 1500 nm 

The array of detectors 5 comprises a linear array of detectors xj, x 2 ... x n 
which may comprise CCD devices arranged in the direction X across the 
width of the incident optical beam In this example the detectors are serially 
clocked by a clocking signal CI produced by the output processor 6 on line 9 
20 so that the outputs of the detectors are fed serially on line 10 to the output 
processor. Abo, the array of detectors 5 may comprise comprise a photodiode 
array. Suitable arrays are available commercially as will be evident to those 
skilled in the art. 



is 



25 The output of the detectors Xj - x,, for wavelengths Xj and X 2 is shown in 
Figure 2. Considering the wavelength X^ the resonant condition defined by 
equation (1) occurs for two different values of the etalon thickness d in the 
direction X across the incident beam at detector positions x xi x x xi>2 . For t 
second wavelength X 2 , resonance occurs at different detector positions x^i, 

30 x^. Thus, the spacings of the resonances x xil , x^ or x xi>2 , X X2^ 
provide a measure of the wavelength of the incident beam. It will be seen 
that the output from the detector array 5 can be readily digitised and 
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compared in the output processor 6 with predetermined patterns held in a 
digital memory. The pattern and relative disposition of the resonant peaks 
thus provides an indication of the channel wavelengths incident from the 
optical fibre 2. The processor 6 can thus provide an output on line 11 
> indicative of the channel wavelengths and also can provide an indication of 
when each channel wavelength moves outside of a predetermined wavelength 
range, so as to monitor the integrity of data transmission in the network. 

Typically, the laser sources 1 are at remote locations so that it will not be 
to readily possible to adjust the sources. However, if at least one laser source is 
proximate to the wavelength detector for example being in the same exchange 
building, it is possible to provide feedback on line 12 to the laser source so as 
to control its wavelength in a feedback loop, so as to keep its emission 
wavelength within a predetermined range. 

1* 

As previously mentioned, the etalon 4 is preferably made of a material which 
has a low dependence of optical length on temperature so as to m i n i m ise 
changes in the product fid with temperature. It will be seen from equation (1) 
that changes of the product fid as a function of temperature will alter the 

20 position at which the resonant peaks occur as a function of temperature. 

Preferably, the etalon is made of material such as fused silica for temperature 
stability. Furthermore, temperature compensation can be achieved by means 
of a temperature sensor 13, attached to the cavity 4 which provides a signal on 
line 14 to the processor 6 in order to permit the processor to compensate the 

2S signals on lines 11, 12 as a function of temperature. Alternatively, or 

additionally, the etalon may be provided with some means, such as a Peltier 
element, to control the etalon's temperature. 

Thus, by means of the described arrangement, it is possible to monitor the 
30 individual channel wavelengths of a WDM optical network. The detector 

may be initialised by firstly transmitting a known reference frequency through 
the optical fibre 2 to provide datum positions for the resonant peaks. 
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As used herein, in both the description and the claims, the term "optical" 
includes visible light and non visible radiation such as ultra-violet and infrared 
radiation. 
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Claims 

1. An optical wavelength sensor comprising a resonant cavity (4) which 

5 exhibits resonance for different optical wavelengths at spaced locations therein, 
and an array of detectors (x^) for detecting said different wavelengths from 
said spaced cavity locations characterised in that the cavity (4) comprises a 
Fabry Perot etalon having semireflective faces (7, 8) that produce multiple 
reflections therein, the cavity having a non-uniform thi ck ne ss (d) between said 

w faces so as to produce said resonance at spaced locations for different 
wavelengths. 

2. A sensor according to claim 1 wherein the semireflective faces (7, 8) 
are disposed in a non-parallel configuration whereby to provide said non- 
75 uniform cavity thickness. 

3. A sensor according to claim 1 or 2 including input means (2) to direct 
optical radiation into the cavity (4) on one side thereof through one of said 
faces (7) in an axial direction, said detector array extending transversly of the 

20 axial direction on another side of the cavity to detect radiation emanating 
from the cavity through the other of the faces (8). 

4. A sensor according to claim 3 including means (3) for spreading the 
radiation from the input means (2) transversely of the axial direction across 

25 the cavity for resonance therein. 

5. A sensor according to claim 4 wherein the input means comprises an 
optical fibre (2) and the spreading means comprises a lens (3) disposed in the 
optical path between the fibre and the cavity. 

30 

6. A sensor according to any preceding claim wherein the array of 
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detectors comprises an array of CCD detectors (5). 

7. A sensor according to any preceding claim including a source of optical 
radiation (1) to be directed to the cavity, and output means (6) responsive to 
the detector array for controlling an operational characteristic of the source. 

8. A sensor according to any preceding claim including output means (11) 
responsive to the detectors for providing a given output when the wavelength 
characteristic of optical radiation incident on the cavity departs from a 
predetermined characteristic. 

9. A sensor according to any preceding claim including temperature 
sensing means (13) for sensing the cavity temperature, and compensating 
means (6) for compensating the output of the output means for changes in the 

n sensed wavelength produced by changes in cavity temperature. 

10. A sensor according to any preceding claim wherein the cavity (4) is 
made of fused silica. 
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11. A WDM optical network including a detector according to any 
preceding claim for detecting the wavelengths of at least one of the WDM 
channels. 
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